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(54) Title: POLYPEPTIDES HAVING Of -I SOMALTOSYL TRANSFERASE ACTIVITY 



(57) Abstract: It is intended to provide polypeptides which are usable in a process for producing a cyclic tetrasaccharide having 
the structure of cyclo{ — * 6}-0f-D-glucopyranosy1-(l — * 3)-a-D-glucopyranosyl(l —* 6)- ar-D-glucopyranosyl-(l -* 3)-C*-D-glu- 
V^q copyranosyl-(l — * ); DNAs encoding these polypeptides; and use thereof. This object can be achieved by providing polypeptides, 
O which have an enzymatic activity of forming a cyclic tetrasaccharide having the structure of cyclo{ — * 6}-Qf-D-glucopyranosyl-(l 
— ► 3)- a -D-glucopyranosylO — ♦ 6)- a -D-glucopyranosyl-(l — * 3)- a -D-glucopyranosyl-(l — • ) by transferring a -isomaltosyl from 
fs| a saccharide having an a - 1 ,6-glucosy 1 bond as the binding manner at the non-reducing end and an ar-l,4-glucosyl bond as the 
binding manner other than at the non-reducing end and having a degree of glucose polymerization of 3 or more and have an amino 



Oacid sequence represented by SEQ ID NO:l or 2 in Sequence Listing or an amino acid sequence derived therefrom by deletion, 
substitution or addition of one or more amino acids. DNAs encoding these polypeptides and use thereof. 
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SEQUENCE LISTING 

<110> Kabushiki Kaisha Hayashibara Seibutsu Kagaku Kenkyujo 

<120> Polypeptide having a-isomal tosyl-transferring enzymatic activity 

<130> TO870 

<160> 16 

<210> 1 

<211> 1064 

<212> PRT 

<213> Microorganism 

<220> 

<400> 1 

He Asp Gly Val Tyr His Ala Pro Tyr Gly He Asp Asp Leu Tyr Glu 

15 10 15 

He Gin Ala Thr Glu Arg Ser Pro Arg Asp Pro Val Ala Gly Asp Thr 

20 25 30 

Val Tyr He Lys He Thr Thr Trp Pro He Glu Ser Gly Gin Thr Ala 

35 40 45 

Trp Val Thr Trp Thr Lys Asn Gly Val Asn Gin Ala Ala Val Gly Ala 

50 55 60 

Ala Phe Lys Tyr Asn Ser Gly. Asn Asn Thr Tyr Trp Glu Ala Asn Leu 
65 . 70 75 80 

Gly Thr Phe Ala Lys Gly Asp Val He Ser Tyr Thr Val His Gly Asn 

85 90 95 

Lys Asp Gly Ala Asn Glu Lys Val lie Gly Pro Phe Thr Phe Thr Val 

100 105 110 

Thr Gly Trp Glu Ser Val Ser Ser He Ser Ser He Thr Asp Asn Thr 

115 120 125 

Asn Arg Val Val Leu Asn Ala Val Pro Asn Thr Gly Thr Leu Lys Pro 

130 135 140 

Lys He Asn Leu Ser Phe Thr Ala Asp Asp Val Leu Arg Val Gin Val 
145 150 155 160 

Ser Pro Thr Gly Thr Gly Thr Leu Ser Ser Gly Leu Ser Asn Tyr Thr 

165 170 175 

Val Ser Asp Thr Ala Ser Thr Thr Trp Leu Thr Thr Ser Lys Leu Lys 

180 185 190 

Val Lys Val Asp Lys Asn Pro Phe Lys Leu Ser Val Tyr Lys Pro Asp 
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785 790 795 800 

Ser He Leu Pro Met Asn Leu Asn Ala Gin Tyr Gin Yal Gly Gly Thr 

805 810 815 

lie Gly Asn Ser Leu Thr Ser Tyr Thr Asn Leu Ala Phe Arg He Tyr 

820 825 830 

Pro Leu Gly Thr Thr Thr Tyr Asp Trp Asn Asp Asp He Gly Gly Ser 

835 840 845 

Val Lys Thr He Thr Ser Thr Glu Gin Tyr Gly Leu Asn Lys Glu Thr 

850 855 860 

Yal Thr Val Pro Ala He Asn Ser Thr Lys Thr Leu Gin Yal Phe Thr 
865 870 875 880 

Thr Lys Pro Ser Ser Val Thr Val Gly Gly Ser Val Met Thr Glu Tyr 

885 890 895 

Ser Thr Leu Thr Ala Leu Thr Gly Ala Ser Thr Gly Trp Tyr Tyr Asp 

-900 905 910 

Thr Val Gin Lys Phe Thr Tyr Val Lys Leu Gly Ser Ser Ala Ser Ala 

915 920 925 

Gin Ser Val Val Leu Asn Gly Yal Asn Lys Val Glu. Tyr Glu Ala Glu 

930 935 940 

Phe Gly Val Gin Ser Gly Val Ser Thr Asn Thr Asn His Ala Gly Tyr 
945 950 955 960 

Thr Gly Thr Gly Phe Val Asp Gly Phe Glu Thr Leu Gly Asp Asn Val 

965 970 975 

Ala Phe Asp Val Ser Val Lys Ala Ala Gly Thr Tyr Thr Met Lys Val 

980 985 990 

Arg Tyr Ser Ser Gly Ala Gly Asn Gly Ser Arg Ala He Tyr Val Asn 

995 1000 1005 

Asn Thr Lys Val Thr Asp Leu Ala Leu Pro Gin Thr Thr Ser Trp Asp 

1010 1015 1020 

Thr Trp Gly Thr Ala Thr Phe Ser Val Ser Leu Ser Thr Gly Leu Asn 
1025 1030 1035 * . 3040 

Thr Val Lys Val Ser Tyr Asp Gly Thr Ser .Ser Leu Gly He Asn Phe 

1045 1050 1055 

Asp Asn He Ala He Val Glu Gin 

1060 
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195 200 205 

Gly Thr Thr Leu He Ala Arg Gin Tyr Asp Ser Thr Thr Asn -Arg Asn 

210 215 220 

He Ala Trp Leu Thr Asn Gly Ser Thr He He Asp Lys Val GIu Asp 
225 230 235 240 

His Phe Tyr Ser Pro Ala Ser Glu Glu Phe Phe Gly Phe Gly Glu His 

245 250 255 

Tyr Asn Asn Phe Arg Lys Arg Gly Asn Asp Val Asp Thr Tyr Val Phe 

260 265 270 

Asn Gin Tyr Lys Asn Gin Asn Asp Arg Thr Tyr Met Ala He Pro Phe 

275 280 285 

Met Leu Asn Ser Ser Gly Tyr Gly He Phe Val Asn Ser Thr Tyr Tyr 

290 295 300 

Ser Lys Phe Arg Leu Ala Thr Glu Arg Thr Asp Met Phe Ser Phe Thr 
305. 310 315 320 

Ala Asp Thr Gly Gly Ser Ala Ala Ser Met Leu Asp Tyr Tyr Phe He 

325 330 335 

Tyr Gly Asn Asp Leu Lys Asn Val Val Ser Asn Tyr Ala Asn He Thr 

340 345 350 

Gly Lys Pro Thr Ala Leu Pro Lys Trp Ala Phe Gly Leu Trp Met Ser 

355 360 365 

Ala Asn Glu Trp Asp Arg Gin Thr Lys Val Asn Thr Ala He Asn Asn 

370 375 380 

Ala Asn Ser Asn Asn He Pro Ala Thr Ala Val Val Leu Glu Gin Trp 
385 390 395 400 

Ser Asp Glu Asn. Thr Phe Tyr He Phe Asn Asp Ala Thr Tyr Thr Pro 

405 410 415 

Lys Thr Gly Ser Ala Ala His Ala Tyr Thr Asp Phe Thr Phe Pro Thr 

420 . 425 430 

Ser Gly Arg Trp Thr Asp Pro Lys Ala Met Ala Asp Asn Val His Asn 

435 440 445 

Asn Gly Met Lys Leu Val Leu Trp Gin Val Pro lie Gin Lys Trp Thr 

450 455 460 

Ser Thr Pro Tyr Thr Gin Lys Asp Asn Asp Glu Ala Tyr Met Thr Ala 
465 470 475 480 

Gin Asn Tyr Ala Val Gly Asn Gly Ser Gly Gly Gin Tyr Arg He Pro 

485 490 495 
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Ser Gly Gin Trp Phe Glu Asn .Ser Leu Leu Leu Asp Phe Thr Asn Thr 

500 505 ' 510 

Ala Ala Lys Asn Trp Trp Met Ser Lys Arg Ala Tyr Leu Phe Asp Gly 

515 520 525 

Yal Gly He Asp Gly Phe Lys Thr Asp Gly Gly Glu Met Yal Trp Gly 

530 535 540 

Arg Ser Asn Thr Phe Ser Asn Gly Lys Lys Gly Asn Glu Met Arg Asn 
545 550 555 560 

Gin Tyr Pro Asn Glu Tyr Yal Lys Ala Tyr Asn Glu Tyr Ala Arg Ser 

565 570 575 

Lys Lys Ala" Asp Ala Yal Ser Phe Ser Arg Ser Gly Thr Gin Gly Ala 

580 585 590 

Gin Ala Asn Gin He Phe Trp Ser Gly Asp Gin Glu Ser Thr Phe Gly 

595 600 605 

Ala Phe Gin Gin Ala Val Asn Ala Gly Leu Thr Ala Ser Met Ser Gly 

610 615 620 

Val Pro Tyr Trp Ser Trp Asp Met Ala Gly Phe Thr Gly Thr Tyr Pro 
625 630 635 640 

Thr Ala Glu'Leu Tyr Lys Arg Ala Thr Glu Met Ala Ala Phe Ala Pro 

645 650 655 

Val Met Gin Phe His Ser Glu Ser Asn Gly Ser Ser Gly He Asn Glu 

660 665 670 

Glu Arg Ser Pro Trp Asn Ala Gin Ala Arg Thr Gly Asp Asn Thr He 

675 680 685 

He Ser His Phe Ala Lys Tyr Thr Asn Thr Arg Met Asn Leu Leu Pro 

690 695 700 

Tyr He Tyr Ser Glu Ala Lys Met Ala Ser Asp Thr Gly Val Pro Met 
705 710 715 720 

Met Arg Ala Met Ala Leu Glu Tyr Pro Lys Asp Thr Asn Thr Tyr Gly 

725 730 735 

Leu Thr Gin Kiln Tyr Met Phe Gly Gly Asn Leu Leu He Ala Pro Val 

740 745. 750 

Met Asn Gin Gly Glu Thr Asn Lys Ser He Tyr Leu Pro Gin Gly Asp 

755 , 760 765 

Trp lie Asp Phe Trp Phe Gly Ala Gin Arg Pro Gly Gly Arg Thr He 

770 775 780 

Ser Tyr Thr Ala Gly lie Asp Asp Leu Pro Val Phe Val Lys Phe Gly 
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<210> 2 

<211> 1064 
' <212> PRT 

<213> Microorganism 
• <400> 2 

He Asp Gly Val Tyr His Ala Pro Tyr Gly lie Asp Asp Leu Tyr Glu 

15 10 15 

He Gin Ala Thr Glu Arg Ser Pro Arg Asp Pro Val Ala Gly Glu Thr 

20 25 30 

Val Tyr lie Lys He Thr Thr Trp Pro He Glu Pro Gly Gin Thr Ala 

35 40 45 

Trp Val Thr Trp Thr Lys Asn Gly Val Ala Gin Pro Ala Val Gly Ala 

50 55 60 

Ala Tyr Lys Tyr Asn Ser Gly Asn Asn Thr Tyr Trp Glu Ala Asn Leu 
65 70 75 80 

Gly Ser Phe Ala Lys Gly Asp Val He Ser Tyr Thr Val Arg Gly Asn 

85 90 95 

Lys Asp Gly Ala Asn Glu Lys Thr Ala Gly Pro Phe Thr Phe Thr Val 

100 105 110 

Thr Asp Trp Glu Tyr Val Ser Ser He Gly Ser Val Thr Asn Asn Thr 

115 120 125 

Asn Arg Val Leu Leu Asn Ala Val Pro Asn Thr Gly Thr Leu Ser Pro 

130 135 140. 

Lys He Asn lie Ser Phe Thr Ala Asp Asp Val Phe Arg Val Gin Leu 
145 150 155 160 

Ser Pro Thr Gly Ser Gly Thr Leu Ser Thr Gly Leu Ser Asn Phe Thr 

165 170 175 

Val Thr Asp Ser Ala Ser Thr Ala Trp He Ser Thr Ser Lys Leu Lys 

180 185 190 

Leu Lys Val Asp Lys Asn Pro Phe Lys Leu Ser Val Tyr Lys Pro Asp 

195 200 205 

Gly Thr Thr Leu lie Ala Arg Gin Tyr Asp Ser Thr Ala Asn Arg Asn 

210 215 220 

Leu Ala Trp Leu Thr Asn Gly Ser Thr Val He Asn Lys He Glu Asp 
225 230 235 240 

His Phe Tyr Ser Pro Ala Ser Glu Glu Phe Phe Gly Phe Gly Glu Arg 
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245 250 255 

Tyr Asn Asn Phe Arg Lys Arg Gly Thr Asp Val Asp Thr Tyr Val Tyr 

260 265 270 

Asn Gin Tyr Lys Asn Gin Asn Asp Arg Thr Tyr Met Ala lie Pro Phe 

275 280 285 

Met Leu Asn Ser Ser Gly Tyr Gly He Phe Val Asn Ser Thr Tyr Tyr 

290 295 300 

Ser Lys Phe Arg Leu Ala Thr Glu Arg Ser Asp Met Tyr Ser Phe Thr 
305 310 315 320 

Ala Asp Thr Gly Gly Ser Ala Asn Ser Thr Leu Asp Tyr Tyr Phe He 

325 330 335 

Tyr Gly Asn Asp Leu Lys Gly Val Val Ser Asn Tyr Ala Asn lie Thr 

340 345 350 

Gly Lys Pro Ala Ala Leu Pro Lys Trp Ala Phe Gly Leu Trp Met Ser 

355 360 365 

Ala Asn Glu Trp Asp Arg Gin Ser Lys Val Ala Thr Ala He Asn Asn 

370 375 380 

Ala Asn Thr Asn Asn He Pro Ala Thr Ala Val Val Leu Glu Gin Trp 
385 390 395 400 

Ser Asp Glu Asn Thr Phe Tyr Met Phe Asn Asp Ala Gin Tyr Thr Ala 

405 410 415 

Lys Pro Gly Gly Ser Thr His Ser Tyr Thr Asp Tyr He Phe Pro Ala 

420 425 430 

Ala Gly Arg Trp Pro Asn Pro Lys Gin Met Ala Asp Asn Val His Ser 

435 440 445 

Asn Gly Met Lys Leu Val Leu Trp Gin Val Pro He Gin Lys Trp Thr 

450 455 460 

Ala Ala Pro His Leu Gin Lys Asp Asn Asp Glu Ser Tyr Met lie Ala 
465 470 475 480 

Gin Asn Tyr Ala Val Gly Asn Gly Ser Gly Gly Gin Tyr Arg He Pro 

485 490 495 

Ser Gly Gin Trp Phe Glu Asn Ser Leu Leu Leu Asp Phe Thr Asn Pro 

500 505 510 

Ser Ala Lys Asn Trp Trp Met Ser Lys Arg Ala Tyr Leu Phe Asp Gly 

515 520 525 

Val Gly He Asp Gly Phe Lys Thr Asp Gly Gly Glu Met Val Trp Gly 
530 535 540 
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Arg Trp Asn Thr Phe Ala Asn Gly Lys Lys Gly Asp Glu Met Arg Asn 
545 550 555 560 

Gin Tyr Pro Asn Asp Tyr Val Lys Ala Tyr Asn Glu Tyr Ala Arg Ser 

565 570 575 

Lys Lys Ser Asp Ala Val Ser Phe Ser Arg Ser Gly Thr Gin Gly Ala 

580 585 590 

Gin Ala Asn Gin lie Phe Trp Ser Gly Asp Gin Glu Ser Thr Phe Gly 

595 600 605 

Ala Phe Gin Gin Ala Val Gin Ala Gly Leu Thr Ala Gly Leu Ser Gly 

610 615 620 

Val Pro Tyr Trp Ser Trp Asp Leu Ala Gly Phe Thr Gly Ala Tyr Pro 
625 630 635 640 

Ser Ala Glu Leu Tyr Lys Arg Ala Thr Ala Met Ser Ala Phe Ala Pro 

645 650 655 

He Met Gin Phe His Ser Glu Ala Asn Gly Ser Ser Gly lie Asn Glu 

660 665 670 

Glu Arg Ser Pro Trp Asn Ala Gin Ala Arg Thr Gly Asp Asn Thr He 

675 680 685 

lie Ser His Phe Ala Lys Tyr Thr Asn Thr Arg Met Asn Leu Leu Pro 

690 695 700 

Tyr He Tyr Ser Glu Ala Lys Ala Ala Ser Asp Thr Gly Val Pro Met 
705 ■ 710 715 720 

Met Arg Ala Met Ala Leu Glu Tyr Pro Ser Asp Thr Gin Thr Tyr Gly 

725 730 735 

Leu Thr Gin Gin Tyr Met Phe Gly Gly Ser Leu Leu Val Ala Pro Val 

740 745 750 

Leu Asn Gin Gly Glu Thr Asn Lys Asn lie Tyr Leu Pro Gin Gly Asp 

755 760 765 

Trp He Asp Phe Trp Phe Gly Ala Gin Arg Pro Gly Gly Arg Thr He 

770 * 775 780 

Ser Tyr Tyr Ala Gly Val Asp Asp Leu Pro Val Phe Val Lys Ser Gly 
785 790 795 800 

Ser He Leu Pro Met Asn Leu Asn Gly Gin Tyr Gin Val Gly Gly Thr 

805 810 815 

He Gly Asn Ser Leu Thr Ala Tyr Asn Asn Leu Thr Phe Arg He Tyr 

820 825 830 

Pro Leu Gly Thr Thr Thr Tyr Ser Trp Asn Asp Asp lie Gly Gly Ser 
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835 840 845 

Val Lys Thr He Thr Ser Thr Glu Gin Tyr Gly Leu Asn Lys Glu Thr 

850 855 860 

Val Thr Leu Pro Ala lie Asn Ser Ala Lys Thr Leu Gin Val Phe Thr 
'865 870 875 880 

Thr Lys Pro Ser Ser Val Thr Leu Gly Gly Thr Ala Leu Thr Ala His 

885 890 895 

Ser Thr Leu Ser Ala Leu He Gly Ala Ser. Ser Gly Trp Tyr Tyr Asp 

900 905 910 

Thr Val Gin Lys Leu Ala Tyr Val Lys Leu Gly Ala Ser Ser Ser Ala 

915 920 925 

Gin Thr Val Val Leu Asp Gly Val Asn Lys Val Glu Tyr Glu Ala Glu 

930 935 940 

Phe Gly Thr Leu Thr Gly Val Thr Thr Asn Thr Asn His Ala Gly Tyr 
945 950 955 960 

Met Gly Thr Gly Phe Val Asp Gly Phe Asp Ala Ala Gly Asp Ala Val 

965 970 975 

Thr Phe Asp Val Ser Val Lys Ala Ala Gly Thr Tyr Ala Leu Lys Val 

980 985 990 

Arg Tyr Ala Ser Ala Gly Gly Asn Ala Ser Arg Ala lie Tyr Val Asn 

995 1000 1005 

Asn Ala Lys Val Thr Asp Leu Ala Leu Pro Ala Thr Ala Asn Trp Asp 

1010 1015 1020 

Thr Trp Gly Thr Ala Thr Val Asn Val Ala Leu Asn Ala Gly Tyr Asn 
1025 1030 1035 1040 

Ser He Lys Val Ser Tyr Asp Asn Thr Asn Thr Leu Gly He Asn Leu 

1045 1050 1055 

Asp Asn He Ala He Val Glu His 

1060 



<210> 3 
<211> 3192 
<212> DNA 

<213> Microorganism 
<400> 3 

attgatggtg tltatcatgc gccatacgga atcgatgatc tgtacgagat tcaggcgacg 60 
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gagcggagtc caagagatcc cgttgcaggc 
cccattgaat caggacaaac ggcttgggtg 
gctgtcggag cagcattcaa atacaacagc 
ggcacttttg caaaagggga cgtgatcagt 
aatgagaagg ttatcggtcc ttttactttt 
atcagctcta ttacggataa tacgaaccgt 
acattgaagc caaagatcaa cctttccttt 
tctccaaccg gaacaggaac gttaagcagt 
gcctcaacca cttggcttac aacttccaag 
aaacttagtg tgtataagcc igatggaacg 
acgaatcgta acattgcctg gttaaccaat 
catttttatt caccggcttc cgaggagttt 
cgtaaacgcg gaaatgatgt ggacacctat 
cgcacctaca tggcaattcc ttttatgctt 
tcaacgtatt attccaaatt tcggttggca 
gctgatacag ggggtagtgc cgcctcgatg 
ttgaaaaatg tggtgagtaa ctacgctaac 
tgggctttcg ggttatggat gtcagctaac 
gccattaata acgcgaactc caataatatt 
agtgatgaga acacgtttta tattttcaat 
gctgcgcatg cctataccga tttcactttc 
gcgatggcag acaatgtgca taacaatggg 
cagaaatgga cttcaacgcc ctaiacccag 
cagaattatg cagttggcaa cggtagcgga 
ttcgagaaca gtttgctgct tgattttacg 
aaacgcgctt atctgtttga tggtgtgggt 
atggtatggg gtcgctcaaa tactttctca 
caatacccga atgaglatgt gaaagcctat 
gcggtctcct ttagccgltc cggcacgcaa 
ggtgaccaag agtcgacgtt tggtgctttt 
agtatgtctg gcgttcctta ttggagctgg 
acggctgagt tgtacaaacg igc tactgaa 
cattccgagt ctaacggcag ctctggtatc 
gcgcgtacag gcgacaalac gatcattagt 
aatttgcttc cttatattta tagcgaagcg 
atgcgcgcca tggcgcttga atatccgaag 
tatatgttcg gaggtaatlt acttattgct 



gatactgtgt atatcaagat aacaacgtgg 120 

acctggacga aaaacggtgt caatcaagct 180 

ggcaacaaca cttactggga agcgaacctt 240 

tataccgttc atggcaacaa ggatggcgcg 300 

accgtaacgg gatgggaatc cgttagcagt 360 

gttgtgctga atgcggtgcc gaatacaggc 420 

acggcggatg atgtcctccg cgtacaggtt 480 

ggacttagta attacacagt ttcagatacc 540 

ctgaaggtga aggtggataa gaatccattc 600 

acgttgattg cccgtcaata tgacagcact 660 

ggcagtacaa tcatcgacaa ggtagaagat 720 

tttggctttg gagagcatta caacaacttc 780 

gtgttcaacc agtataagaa tcaaaatgac 840 

aacagcagcg gttatggcat tttcgtaaat 900 

accgaacgca ccgatatgtt cagctttacg 960 

ctggattatt atttcattta cggtaatgat 1020 

attaccggta agccaacagc gctgccgaaa 1080 

gagtgggatc gtcaaaccaa ggtgaataca 1140 

ccggctacag cggttgtgct cgaacagtgg 1200 

gatgccacct ataccccgaa aacgggcagt 1260 

ccgacatctg ggagatggac ggatccaaaa 1320 

atgaagctgg tgctttggca ggtccctatt 1380 

aaagataatg atgaagccta tatgacggct 1440 

ggccagtaca ggataccttc aggacaatgg 1500 

aatacggccg ccaaaaactg gtggatgtct 1560 

atcgacggct tcaaaacaga Iggcggtgaa 1620 

aacggtaaga aaggcaatga aatgcgcaat 1680 

aacgagtacg cgcgctcgaa gaaagccgat 1740 

ggcgcacagg cgaatcagat tttctggtcc 1800 

caacaagcig tgaatgcagg gcttacggca 1860 

gatatggcag gctttacagg cacttatcca 1920 

atggctgctt ttgcaccggt catgcagi tt 1980 

aacgaggaac gttctccatg gaacgcacaa 2040 

cattttgcca aatatacgaa tacgcgcatg 2100 

aagatggcta gtgatactgg cgttcccatg 2160 

gacacgaaca cgtacggttt gacacaacag 2220 

cctgttatga atcagggaga aacaaacaag 2280 
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agtatttatc ttccgcaggg ggattggatc gatttctggt tcggtgctca gcgtcctggc 2340 
ggtcgaacaa tcagctacac ggccggcatc gatgatctac cggtttttgt gaagtttggc 2400 
agtattcttc cgatgaattt gaacgcgcaa tatcaagtgg gcgggaccat tggcaacagc 2460 
ttgacgagci acacgaatct cgcgttccgc atttatccgc ttgggacaac aacgtacgac 2520 
tggaatgatg atattggcgg ttcggtgaaa accataactt ctacagagca atatgggttg 2580 
aataaagaaa ccgtgactgt iccagcgatt aattctacca agacattgca agtgtltacg 2640 
actaagcctt cctctgtaac ggtgggtggt tctgtgatga cagagtacag tactttaact 2700 
gccctaacgg gagcgtcgac aggctggtac tatgatactg tacagaaatt cacttacgtc 2760 
aagcttggtt caagtgcatc tgctcaatcc gttgtgctaa atggcgttaa taaggtggaa 2820 # 
tatgaagcag aattcggcgt gcaaagcggc gtttcaacga acacgaacca tgcaggttat 2880 
actggtacag gatttgtgga cggctttgag actcttggag acaatgttgc ttttgatgtt 2940 
tccgtcaaag ccgcaggtac ttatacgatg aaggttcggt attcatccgg tgcaggcaat 3000 
ggctcaagag ccatctatgt gaataacacc aaagtgacgg accttgcctt gccgcaaaca 3060 
acaagctggg atacatgggg gactgctacg tttagcgtct cgctgagtac aggtctcaac 3120 
acggtgaaag tcagctatga tggtaccagt tcacttggca ttaatttcga taacatcgcg 3180 
attgtagagc aa 3192 



<210> 4 
<211> 3192 
<212> DNA 

<213> Microorganism 
<400> 4 

attgacggcg tataccacgc gccttacggg 
gagcgcagtc cgagagaccc tgiggccggg 
ccgatcgagc ccggacagac ggcatgggtg 
gcggtcggtg ccgcctacaa gtacaacagc 
ggcagcttcg ccaaaggaga cgtaatticc 
aatgaaaaaa cggccggacc gttcaccttt 
atcggctcgg tcacgaataa cacgaaccgt 
acgctgtccc ccaagatcaa catttcgttc 
tcccctacgg gatcggggac gttgagcacg 
gcgtccacgg cctggatctc tacatccaaa 
aaactgagcg tgtacaagcc ggacggcacg 
gccaaccgca atctcgcttg gctgaccaat 
cacttctact cgccggcgtc cgaggagttt 
cgcaagcgcg gaaccgacgt ggacacgtat 



atcgacgatc tttatgagai tcaggcgacg 60 

gagacggtgt atatcaaaat cacaacatgg 120 

acctggacga aaaacggcgt cgcccagccg 180 

ggcaacaaca cctactggga ggcgaacctg 240 

tacaccgttc gcggcaataa ggacggtgcc 300 

accgtaaccg actgggaata cgtcagcagc 360 

glcctgctga atgcggtgcc gaacacgggg 420 

acggcggacg atgtgttccg cgttcagctc 480 

ggcctgagta attttaccgt cacggacagt 540 

ttaaagctga aggtggataa gaatccgttc 600 

acgctgatcg cgcgccagta tgacagcacg 660 

ggcagcactg tcatcaataa aatcgaggac 720 

ttcggcttcg gggagcgcta caacaacttc 780 

gtctacaatc agtacaaaaa tcaaaacgac 840 
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cgcacctata tggcaatccc cttcatgctg aacagcagcg ggtacggtat cttcgtaaac 900 

tccacgtact actccaaatt ccgcttggca actgagcgct ccgatatgta cagttttacg 960 

gccgataccg ggggcagcgc caattcgacg ctggattact actttattta cggcaatgac 1020 

ttgaagggcg tcgtcagcaa ttatgcgaac atcacaggca agccggctgc tcigcccaaa 1080 

tgggcgtttg gcctctggat gtcggccaat gagtgggacc ggcaatccaa agtagcgact 1140 

* 

gcgatcaata acgccaatac gaacaacatc ccggcgacgg ccgtcgtgci ggagcagtgg 1200. 
agtgacgaga atacgttcta tatgttcaac gaigcgcagt atacggccaa acciggcggc 1260 
agcacacact cctatacgga ctatatcttc ccggcggccg gccgttggcc gaatccgaag 1320 
caaatggcgg ataatgtaca cagtaacggg atgaagctgg tgctgtggca ggtgccgatt 1380 
cagaaatgga ccgccgctcc tcatctgcag aaggacaacg acgaaagcta tatgatcgcg 1440 
caaaattatg ccgtaggcaa cggcagcgga ggccagtacc gcatccctag cgggcaatgg 1500 
tttgagaaca gcctgctgct ggacttcacg aacccgagcg ccaaaaactg gtggatgtcc 1560 
aagcgcgcct atctgtttga tggcgtcggc atcgacgggt tcaagacgga cggaggggag 1620 
atggtctggg gccgctggaa cacgttcgcc aatggcaaaa aaggcgatga aatgcgcaac 1680 
cagtacccga acgattacgt gaaggcctac aacgaatatg cgcgctcgaa gaaaagcgat 1740 
gccgtcagct tcagccgttc gggcacgcaa ggggcgcaag cgaatcagat cttctggtcc 1800 
ggtgaccagg aatcgacgtt cggtgccttc cagcaagccg tcca'ggcggg actgaccgca 1860 
ggctigtccg gcgttccgta ttggagctgg gacttggctg gattcaccgg cgcttatccg 1920 
tcggccgagc tatataaacg cgcgacggca atgtcggcat ttgccccgat tatgcagttc 1980 
cactccgaag ccaacggcag itccggcatc aatgaggagc ggtccccgtg gaatgctcag 2040 
gcccggactg gcgacaacac gatcatcagc cattttgcca agtatacgaa cacccggatg 2100 
aacctgcttc cttatattta cagcgaggct aaagcagcaa gcgatactgg cgtgccgatg 2160 

r 

atgcgcgcga tggcgctgga gtatccgagc gatacccaga cgtacggat t gacgcagcag 2220 
tacatgttcg gcggcagcct gctggtggcg cctglctiga accaaggcga gacgaataag 2280 
aatatctacc ttccgcaagg agattggatc gacttctggt tcggcgcgca gcgtccgggc 2340 
gggcgaacga tcagctacta cgcgggcgtg gacgatcttc ccgtcttcgt gaagtccggc 2400 
agcatcctgc cgatgaatct gaacgggcag tatcaggttg gcggcacgat cggcaacagc 2460 
ttgaccgcct acaacaacct gacgttccgg atttatccac tgggtacgac gacgtacagc 2520 
tggaatgatg acaicggcgg ctcggtgaag acgattacgi cgacagagca gtatggactg 2580 
aataaagaga cggtgacgct tccggcgatc aactcggcga agacgctcca ggtgttcacg 2640 
accaagccgt cgtcggtgac gctgggcggc acggccctca ccgcgcatag cacattaagc 2700 
gcattgatcg gcgcttcctc cggctggtat tacgatacgg tgcaaaagct cgcctatgtg 2760 
aagctcggcg ccagctcatc ggcgcaaacc gtcgtgcttg acggcgtcaa caaggtcgag 2820 
tatgaggctg agttcggcac acttaccggc gtcacgacca atacgaatca tgccggctat 2880 
atgggtaccg gctttgtcga cggcttcgat gcggcaggcg at-gcagtgac cttcgacgta 2940 
tccgtcaaag cggccggcac gtatgcgctc aaggtccggt acgcttccgc tggiggcaac 3000 
gcttcacgcg elate tatgt caacaacgcc aaggtgaccg atetggeget tccggcaacg 3060 
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gccaactggg acacctgggg gacggcaacc gtcaacgtag ccttaaacgc cggctacaac 3120 
tcgatcaagg tcagctacga caacaccaat acgctcggca ttaatctcga taacattgcg 3180 
atcgtggagc at 3192 

<210> 5 • 
<211> 19 
<212> PRT 

<213> Microorganism 
<400> 5 

He Asp Gly Val Tyr His Ala Pro Tyr Gly He Asp Asp Leu Tyr Glu 

15 10 15 

lie Gin Ala 



<210> 6 
<211> 14 
<212> PRT 

<213> Microorganism 
<400> 6 

Gly Asn Glu Met Arg Asn Gin Tyr Pro Asn Glu Tyr Val Lys 
1 5 10 



<210> 7 
<211> 14 
<212> PRT 

<213> Microorganism 
<400> 7 

Arg Gly Asn Asp Val Asp Thr Tyr Val Phe Asn Gin Tyr Lys 
1 5 10 



<210> 8 
<211> 6 
<212> PRT 

<213> Microorganism 
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<400>~8 

* 

. Asn Trp Trp Met Ser Lys 
1 5 



<210> 9 
<211> 12 
<212> PRT 

<213>" Microorganism 
<400> 9 

lie Thr Thr Trp Pro He Glu Ser Gly Gin Thr Ala 
1 5 10 



<210> 10 
<211> 11 
<212> PRT 

<213> Microorganism 
<400> 10 

Trp Ala Phe Gly Leu Trp Met Ser Ala Asn Glu 
1 5 10 



<210> 11 
<211> 18 . 
<212> PRT 

<213> Microorganism 
<400> 11 

The Asp Gly Gly Glu Met Val Trp Gly Arg Trp Asn Thr Phe Ala Asn 

* 

1 5 10 15 

Gly Lys 

<210> 12 
<211> 18 
<212> PRT 

<213> Microorganism 
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<400> 12 

He Thr Thr Trp Pro lie Glu Pro Gly Gin Thr Ala Trp Val Thr Trp 

1.5 10 15 

Thr Lys 



<210> 13 
<211> 17 
<212> PRT 

<213> Microorganism 
<400> 13 

Trp Ala Phe Gly Leu Trp Met Ser Ala Asn Glu Trp Asp Arg Glu Ser 

1 - 5 10 .15 

Lys 



<210> 14 
<211> 20 

<212> PRT • . 

<213> Microorganism 
<400> 14 

Asn He Tyr Leu Pro Gin Gly Asp Trp He Asp Phe Trp Phe Gly Ala 

15 10 15 

Gin Arg Pro Gly 



<210> 15 
<211> 3869 
<212> DNA 

<213> Microorganism 

<220> 

<221> CDS 

<222> (241)... (3522) 
<400> 15 

tcatcgctac tggcaatcgg attcaaacaa atggctgcag ctcgcacaga cgattgtgga 60 
aagggaatat ctgatttaac catacggcgg tcgcgattga ttgaatagga ttcgtggccg 120 
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• cctaatattg aaagggggga tgcgtggagc agcgcatgca cggcgaggaa taactgttgt 180 
-. tggagcctct aagtcattca tgtttagcaa acaaatttcg gtacgaaagg ggaaatgttt 240 

atg tat gta agg aat eta aca ggt tea ttc cga ttt tct etc tct ttt 288 

Met Tyr Val Arg Asn Leu Thr Gly Ser Phe Arg Phe Ser Leu Ser Phe 

15 10 15 

ttg etc tgt ttc tgt etc ttc gtc ccc tct att tat gee att gat ggt 336 

Leu Leu Cys Phe Cys Leu Phe Val Pro Ser He Tyr Ala ile Asp Gly 

20 25 30 

gtt tat cat gcg cca tac gga ate gat gat ctg tac gag att cag gcg 384 

Val Tyr His Ala Pro Tyr Gly Ile Asp Asp Leu Tyr Glu Ile Gin Ala 

35 40 45 

acg gag egg agt cca aga gat ccc gtt gca ggc gat act gtg tat ate 432 

Thr Glu Arg Ser Pro Arg Asp Pro Val Ala Gly Asp Thr Val Tyr He 

50 55 60 

aag ata aca acg tgg ccc att gaa tea gga caa acg get tgg gtg acc 480 

Lys He Thr Thr Trp Pro Ile Glu Ser Gly Gin Thr Ala Trp Val Thr 

65 70 75 80 . 

tgg acg aaa aac ggt gtc aat caa get get gtc gga gca gca ttc aaa 528 

Trp Thr Lys Asn Gly Val Asn Gin Ala Ala Val Gly Ala Ala Phe Lys 

85 90 95 

tac aac age ggc aac aac act tac tgg gaa gcg aac ctt ggc act ttt 576 

Tyr Asn Ser Gly Asn Asn Thr Tyr, Trp Glu Ala Asn Leu Gly Thr Phe 

100 105 110 

gca aaa ggg gac gtg ate agt tat acc gtt cat ggc aac aag gat ggc 624 

Ala Lys Gly Asp Val Ile Ser Tyr Thr Val His Gly Asn Lys Asp Gly 

115 120 125 

gcg aat gag aag gtt ate ggt cct ttt act ttt acc gta acg gga tgg 672 

Ala Asn Glu Lys Val Ile Gly Pro Phe Thr Phe Thr Val Thr Gly Trp 

130 135 140 

gaa tec gtt age agt ate age tct att acg gat aat acg aac cgt gtt 720 

Glu Ser Val Ser Ser He Ser Ser Ile Thr Asp Asn Thr Asn Arg Val 

145 150 155 160 

gtg ctg aat gcg gtg ccg aat aca ggc aca ttg aag cca aag ate aac 768 

Val Leu Asn Ala Val Pro Asn Thr Gly Thr Leu Lys Pro Lys Ile Asn 

165 170 175 

ctt tec ttt acg gcg gat gat gtc etc cgc gta cag gtt tct cca acc 816 
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Leu Ser Phe Thr Ala Asp Asp 

180 



gga aca 
Gly Thr 

acc gcc 
Thr Ala 
210 
gat aag 
Asp Lys 
225 

ttg att 
Leu He 

tta acc 
Leu Thr 

tea ccg 
Ser Pro 

ttc cgt 
Phe Arg 
290 
aag aat 
Lys Asn 
305 

age age 
Ser Ser 



gga acg 
Gly Thr 
195 

tea acc 
Ser Thr 

aat cca 
Asn Pro 

gcc cgt 
Ala Arg 

aat ggc 
Asn Gly 
260 
get. tec 
Ala; Ser 
275 

aaa cgc 
Lys Arg 

caa aat 
Gin Asn 

ggt tat 
Gly Tyr 



egg ttg gca acc 
Arg Leu Ala -Thr 

340 

ggg ggt agt gcc 
Gly Gly Ser Ala 
355 

gat ttg aaa aat 
Asp Leu Lys Asn 



tta age agt 
Leu Ser Ser 

act tgg ctt 
Thr Trp Leu 
215 

•ttc aaa ctt 
Phe Lys Leu 

230 
caa tat gac 
Gin Tyr Asp 
245 

agt aca ate 
Ser Thr lie 

gag gag ttt 
Glu Glu Phe 

gga aat gat 
Gly Asn Asp 
295 

gac cgc acc 
Asp Arg Thr 

310 
ggc att ttc 
Gly He Phe 
325 

gaa cgc acc 
Glu Arg Thr 

gcc teg atg 
Ala Ser Met 

gtg gtg agt 
Val Val Ser 



Val Leu Arg 

185 
gga ctt agt 
Gly Leu Ser 
200 

aca act tec 
Thr Thr Ser 

agt gtg. tat 
Ser Val Tyr 

age act acg 
Ser Thr Thr 
250 

ate gac aag 
He Asp Lys 

265 
ttt ggc ttt 
Phe Gly Phe 
280 

gtg gac acc 
Val Asp Thr 

tac atg gca 
Tyr Met Ala 

gta aat tea 
Val Asn Ser 
330 

gat atg ttc 
Asp Met Phe 

345 
ctg gat tat 
Leu Asp Tyr 
360 

aac tac get 
Asn Tyr Ala 



Val Gin Val 

aat tac aca 
Asn Tyr Thr 
205 

aag ctg aag 
Lys Leu Lys 

220 
aag cct gat 
Lys Pro Asp 
235 

aat "cgt aac 
Asn Arg Asn 

gta gaa gat 
Val Glu Asp 

gga gag cat 
Gly Glu His 
285 

tat gtg ttc 
Tyr Val Phe 

300 
att cct ttt 
He Pro Phe 
315 

acg tat tat 
Thr Tyr Tyr 

age ttt acg 
Ser Phe Thr 

tat ttc att 
Tyr Phe He 
365 

aac att acc 
Asn He Thr 



Ser Pro Thr 
190 

gtt tea gat 864 
Val Ser Asp 

gtg aag gtg 912 
Val Lys Val 

gga acg acg 960 
Gly Thr Thr 
240 

att gcc tgg 1008 
He Ala Trp 
255 

cat ttt tat 1056 

His Phe Tyr 

270 

tac aac aac 1104 
Tyr Asn Asn 

aac cag tat 1152 
Asn Gin Tyr 

atg ctt aac 1200 
Met Leu Asn 
320 

tec aaa ttt 1248 
Ser Lys Phe 
335 

get gat aca 1296 

Ala Asp Thr 

350 

tac ggt aat 1344 
Tyr Gly Asn 

ggt aag cca 1392 
Gly Lys Pro 
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.370 375 380 

aca gcg ctg ccg aaa tgg get ttc ggg tla tgg atg tea get aac gag 1440 
Thr Ala Leu Pro Lys Trp Ala Phe Gly Leu Trp Met Ser Ala Asn Glu 
385 390 . '395 400 

tgg gat cgt caa acc aag gtg : aat aca gec att aat aac gcg. aac ice 1488 
Trp Asp Arg Gin Thr Lys Val Asn Thr Ala He Asn Asn, Ala Asn Ser 

405 410 415 

aat aat att ccg get aca gcg gtt gtg etc gaa cag tgg agt gat gag 1536 
Asn Asn He Pro Ala Thr Ala Val Val Leu Glu Gin Trp Ser Asp Glu 

420 425 430 

aac acg ttt tat att ttc aat gat gec acc tat acc ccg aaa acg ggc 1584 
Asn Thr Phe Tyr He Phe Asn Asp Ala Thr Tyr Thr Pro Lys Thr Gly 

435 440 445 

agt get gcg cat gec tat acc gat ttc act ttc ccg aca tct ggg aga 1632 
Ser Ala Ala His Ala Tyr Thr Asp Phe Thr Phe Pro Thr Ser Gly Arg 

450 455 -460 

tgg acg gat cca aaa gcg atg gca gac aat gtg cat aac aat ggg atg 1690 
-Trp Thr Asp Pro Lys Ala Met Ala Asp Asn Val His Asn Asn Gly Met 
465 470 ; 475 480 

r 

aag ctg gtg ctt tgg cag gtc cct at t cag aaa tgg act tea acg ccc 1728 
Lys Leu Val Leu Trp Gin Val Pro He Gin Lys Trp Thr Ser Thr Pro 

485 490 495 

tat acc cag aaa gat aat gat gaa gec tat atg acg get cag aat tat 1776 
Tyr Thr Gin Lys Asp Asn Asp Glu Ala Tyr Met Thr Ala Gin Asn Tyr 

500 505 510 

gca gtt ggc aac ggt age gga ggc cag tac agg at a cct tea gga caa 1824 
Ala Val Gly Asn Gly Ser Gly Gly Gin Tyr Arg He Pro Ser Gly Gin 

515 520 525 

tgg ttc gag aac agt ttg ctg ctt gat ttt acg aat acg gec gec aaa 1872 
Trp Phe Glu Asn Ser Leu Leu Leu Asp Phe Thr Asn Thr Ala Ala Lys 

530 535 540 

aac tgg tgg atg tct aaa cgc-,gct tat ctg ttt gat ggt gtg ggt ate 1920 
Asn Trp Trp Met Ser Lys Arg Ala Tyr Leu Phe Asp Gly Val Gly He 
545 • 550 555 560 

gac ggc ttc aaa aca gat ggc ggt gaa atg gta tgg ggt cgc tea aat 1968 
Asp Gly Phe Lys Thr Asp Gly Gly Glu Met Val Trp Gly Arg Ser. Asn 

565 570 ' 575 
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act ttc tea aac ggt aag aaa ggc aat gaa atg cgc aat caa tac ccg 2016 
Thr Phe Ser Asn Gly Lys Lys Gly Asn Glu Met Arg Asn Gin Tyr Pro 

. 580 585 590 

aat gag tat gtg aaa gee tat aac gag tac gcg cgc teg aag aaa gee 2064 
Asn Glu Tyr Val Lys Ala Tyr Asn Glu Tyr Ala Arg Ser Lys Lys Ala 

595 600 605 

gat gcg gtc tec ttt age cgt tec ggc acg caa ggc gca cag gcg aat 2112 
Asp Ala Val Ser Phe Ser Arg Ser Gly Thr Gin Gly Ala Gin Ala Asn 

610 615 620 

cag at t ttc tgg tec ggt gac caa gag teg acg ttt ggt get ttt caa 2160 
Gin lie Phe Trp Ser Gly Asp Gin Glu Ser Thr Phe Gly Ala Phe Gin 
625 630 635 640 

caa get gtg aat gca ggg ctt acg gca agt atg tct ggc gtt cct tat 2208 
Gin Ala Yal Asn Ala Gly Leu Thr Ala Ser Met Ser Gly Val Pro Tyr 

645 650 655 

tgg age tgg gat atg gca ggc ttt aca ggc act tat cca acg get gag 2256 
Trp Ser Trp Asp Met Ala Gly Phe Thr Gly Thr Tyr Pro Thr Ala Glu 

660 665 670 

ttg tac aaa cgt get act gaa atg get get ttt gca ccg gtc atg cag 2304 
Leu Tyr Lys Arg Ala Thr Glu Met Ala Ala Phe Ala Pro Val Met Gin 

675 680 685 

ttt cat tec gag tct aac ggc age tct ggt ate aac gag gaa cgt tct 2352 
Phe His Ser Glu Ser Asn Gly Ser Ser Gly He Asn Glu Glu Arg Ser 

690 695 700 

cca tgg aac gca caa gcg cgt aca ggc gac aat acg ate att agt cat 2400 
Pro Trp Asn Ala Gin Ala Arg Thr Gly Asp Asn Thr He He Ser His 
705 710 715 720 

ttt gee aaa tat acg aat acg cgc atg aat ttg ctt cct tat att tat 2448 
Phe Ala Lys Tyr Thr Asn Thr Arg Met Asn Leu Leu Pro Tyr He Tyr 

725 730 735 

age gaa gcg aag atg get agt gat act ggc gtt ccc atg atg cgc gec 2496 
Ser Glu Ala Lys^Met Ala Ser Asp Thr Gly Val Pro Met Met Arg Ala 

740 745 750 

atg gcg ctt gaa tat ccg aag gac acg aac acg tac ggt ttg aca caa 2544 
Met Ala Leu Glu Tyr Pro Lys Asp Thr Asn Thr Tyr Gly Leu Thr Gin 

755 760 765 

cag tat atg ttc gga ggt aat tta ctt att get cct gtt atg aat cag 2592 
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Gin Tyr Met Phe Gly Gly Asn Leu Leu He Ala Pro Val Met Asn Gin 

770 775 780 

gga gaa aca aac aag agt att tat ctt ccg cag ggg gat tgg ate gat 2640 

Gly Glu Thr Asn Lys Ser He Tyr Leu Pro Gin Gly Asp Trp lie Asp 

785 - 790 795 800 

tic tgg ttc ggt get cag cgt cct ggc ggt cga aca ate age tac acg 2688 

Phe Trp Phe Gly Ala Gin Arg Pro Gly Gly Arg Thr He Ser Tyr Thr 

805 810 815 

gec ggc ate gat gat eta ccg gtt. ttt gtg aag ttt ggc agt att ctt 2736 

Ala Gly lie Asp Asp Leu Pro Val Phe Val Lys Phe Gly Ser He Leu 

820 825 830 

ccg atg aat ttg aac gcg caa tat caa gtg ggc ggg acc att ggc aac 2784 

Pro Met Asn Leu Asn Ala Gin Tyr Gin Val Gly Gly Thr lie Gly Asn 

835 840 845 

age ttg acg age tac acg aat etc gcg ttc cgc att tat ccg ctt ggg 2832 

Ser Leu Thr Ser Tyr Thr Asn Leu Ala Phe Arg He Tyr Pro Leu Gly 

850 855 860 

aca aca acg tac gac tgg aat gat gat att ggc ggt teg gtg aaa acc 2880 

Thr Thr Thr Tyr Asp Trp Asn Asp Asp He Gly Gly Ser Val Lys Thr 

865 870 875 880 

ata act tct aca gag caa tat ggg ttg aat aaa gaa acc gtg act gtt 2928 

He Thr Ser Thr Glu Gin Tyr Gly Leu Asn Lys Glu Thr Val Thr Val 

885 890 895 

cca gcg att aat tct acc aag aca ttg caa gtg ttt acg act aag cct 2976 

Pro Ala lie Asn Ser Thr Lys Thr Leu Gin Val Phe Thr Thr Lys Pro 

900 905 910 

tec tct gta acg gtg ggt ggt tct gtg atg aca gag tac agt act tta 3024 

Ser Ser Val Thr Val Gly Gly Ser Val Met Thr Glu Tyr Ser Thr Leu 

915 920 925 

act gee eta acg gga gcg teg aca ggc tgg tac tat gat act gta cag 3072 

Thr Ala Leu Thr Gly Ala Ser Thr Gly Trp Tyr Tyr Asp Thr Val Gin 

930 935 940 

aaa ttc act tac gtc aag ctt ggt tea agt gca tct get caa tec gtt 3120 

Lys Phe Thr Tyr Val Lys Leu Gly Ser Ser Ala Ser Ala Gin Ser Val 

945 950 955 960 

gtg eta aat ggc gtt aat aag gtg gaa tai gaa gca gaa ttc ggc gtg 3168 

Val Leu Asn Gly Val Asn Lys Val Glu Tyr Glu Ala Glu Phe Gly Val 
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965 970 • 975 

caa age ggc gtt tea acg aac acg aac cat gca ggt tat act ggt aca 3216 
Gin Ser Gly Val Ser Thr Asn Thr Asn His Ala Gly Tyr Thr Gly Thr 

980 ' 985 990 

gga ttt gtg gac ggc ttt gag act ctt gga gac aat gtt get ttt gat 3264 
Gly Phe Val Asp Gly Phe Glu Thr Leu Gly Asp Asn Val Ala Phe Asp 

995 1000 1005 

gtt tec gtc aaa gee gca ggt act tat acg atg aag gtt egg tat tea 3312 
Val Ser Val Lys Ala Ala Gly Thr Tyr Thr Met Lys Val Arg Tyr Ser 

1010 1015 1020 

tec ggt gca ggc aat ggc tea aga gee ate tat gtg aat aac acc aaa 3360 
Ser Gly Ala Gly Asn Gly Ser Arg Ala lie Tyr Val Asn Asn Thr Lys 
1025 1030 1035 1040 

gtg acg gac ctt gec ttg ccg caa aca aca age tgg gat aca tgg ggg 3408 
Val Thr Asp Leu Ala Leu Pro Gin Thr Thr Ser Trp Asp Thr Trp Gly 

1045 1050 1055 

act get acg ttt age gtc teg ctg agt aca ggt etc aa& acg gtg aaa 3456 
Thr Ala Thr Phe Ser Val Ser Leu Ser Thr Gly Leu Asn Thr Val Lys 

1060 1065 1070 

gtc age tat gat ggt acc agt tea ctt ggc att aat ttc gat aac ate 3504 
Val Ser Tyr Asp Gly Thr Ser Ser Leu Gly He Asn Phe Asp Asn He 

1075 1080 1085 

gcg att gta gag caa taa 3522 
Ala He Val Glu Gin 
1090 

aaggtcggga gggcaagtcc ctcccttaat ttctaatcga aagggagtat ecttgatgeg 3582 
tccaccaaac aaagaaattc caegtattet tgcttttttt acagegttta cgttgtttgg 3642 
ttcaaccctt gccttgcttc ctgctccgcc tgcgcatgcc tatgtcagca gectaggaaa 3702 
tctcatttct tcgagtgtca ceggagatae ettgaegcta actgttgata acggtgcgga 3762 
gecgagtgat gacctcttga ttgttcaagc ggtgcaaaac ggtatittgei aggtggatta 3822 
tegtccaaat ageataaege egagegegaa gaegecgatg ctggatc 3869 



<210> 16 
<211> 4986 
<212> DNA 
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<213> Microorganism 

<220> 

<221> CDS 

<222> (667).. (3948) 
<400> 1 6 

gagctcggga agaacccgtc cctgcaagct tggacgcagg cggtggagga ggcgggagtc 60 
tacatcgctt ccgctatggc aggggctggg ggaggtgcat acggcttgat cggccacigc 120 
tggggagggc tgctggcgtt cgagaccggc cactggctga -aggct tgcgg gatgcaggag 180 
ccgacgcatc tgttcgtgtc cgggtgcagc ccgccccatc tgctgcaagc gcggccggac 240 
ttgggaacgg gaccatccgg cccggctccg ctccccgatg cctgccggat cgcccaagcg 300 
taccgtatgc citccaggcg cgggccgctg cttgcccggc tgagtgtatt cgccggccgc 360 
cgagacccgg gcgtgtatgt ggatagtttg gccgaatggg gccgctatac ggcccgcata 420 
tgcgatgttc atattggcga gggcgggcat gcagattggg gacctgatgc agaccgttgg 480 
ctgccaitcg tgcaaatgat tgcggagagg gaatattcgt cttcttgaag ccaggtgacc 540 
tcagataaga tgtcgcacta agctgtatag tttcggaagg gaggtgaggc agagaagcgc 600 
accatgagct gttagcttga cgtttaacgg tcaaaaccaa ttttactttg ggaaggagca 660 
agattt atg cat gga aga aac ata ccg aga ccc ate aag etc att gtt 708 
Met His Gly Arg Asn He Pro Arg Pro He Lys Leu He Val 
1 -5 10 

tct tgg ctg ctg att ttc ttt tta atg gtg cca age ate tat gca att 756 
Ser Trp Leu Leu lie Phe Phe Leu Met Val Pro Ser He Tyr Ala He 
15 20 25 30 

gac ggc gta tac cac gcg cct tac ggg ate gac gat ctt tat gag att 804 
Asp Gly Val Tyr His Ala Pro Tyr Gly He Asp Asp Leu Tyr Glu He 

35 40 45 

cag gcg acg gag cgc agt ccg aga gac cct gtg gec ggg gag acg gtg 852 
Gin Ala Thr Glu Arg Ser Pro Arg Asp Pro Val Ala Gly Glu Thr Val 

50 55 60 

tat ate aaa ate aca aca tgg ccg ate gag ccc gga cag acg gca tgg 900 
Tyr He Lys He Thr Thr Trp Pro He Glu Pro Gly Gin Thr Ala Trp 

65 . 70 75 

gtg acc tgg acg aaa aac ggc gtc gec cag ccg gcg gtc ggt gec gec 948 
- Val Thr Trp Thr Lys Asn Gly Val Ala Gin Pro Ala Val Gly Ala Ala 
80 85 90 

tac aag tac aac age ggc aac aac acc tac tgg gag gcg aac ctg ggc 996 
Tyr Lys Tyr Asn Ser Gly Asn Asn Thr Tyr Trp Glu Ala Asn Leu Gly 
95 100 105 110 
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age ttc 
Ser Phe 

gac ggt 
Asp Gly 

gac tgg 
Asp Trp 

cgt gtc 
Arg Val 
160 
ate aac 
He Asn 
175 

cct acg 
Pro Thr 

acg gac 
Thr Asp 

aag gtg 
Lys Val 

acg acg 
Thr Thr 
240 
get tgg 
Ala Trp 
255 

ttc tac 
Phe Tyr 



gec aaa gga 
Ala Lys Gly 
115 

gec aat gaa 
Ala Asn Glu 
130 

gaa tac gtc 
Glu Tyr Val 
145 

ctg ctg aat 
Leu Leu Asn 

at t teg ttc 
lie Ser Phe 

gga teg ggg 
Gly Ser Gly 
195 

agt gcg tec 
Ser Ala Ser 

210 
gat aag aat 
Asp Lys Asn 
225 

ctg ate gcg 
Leu He Ala 

ctg ace aat 
Leu Thr Asn 



gac gta 
Asp Val 

aaa acg 
Lys thr 

age age 
Ser Ser 

gcg gtg 
Ala Val 
165 
acg gcg 
Thr Ala 
180 

acg ttg 
Thr Leu 

acg gec 
Thr Ala 

ccg ttc 
Pro Phe 

cgc cag 
Arg Gin 
. 245 
ggc age 
Gly Ser 
260 

tec gag 
Ser Glu 



teg ccg gcg 
Ser Pro Ala 
275 

ttc cgc aag 
Phe Arg Lys 
290 

cag tac aaa aat caa aac gac 



aac aac 
Asn Asn 



cgc gga 
Arg Gly 



att tec 
lie Ser 

gee gga 
Ala Gly 
135 
ate ggc 
He Gly 
150 

ccg aac 
Pro Asn 

gac gat 
Asp Asp 

age acg 
Ser Thr 

tgg ate 
Trp He 
215 
aaa ctg 
Lys Leu 
230 

tat gac 
Tyr Asp 

act gtc 
Thr Val 

gag ttt 
Glu Phe 

ace gac 
Thr Asp 
295 
cgc acc 



tac acc 
Tyr Thr 
120 

ccg ttc 
Pro Phe 

teg gtc 
Ser Val 

acg ggg 
Thr Gly 

gtg ttc 
Val Phe 
185 
ggc ctg 
Gly Leu 
200 

tct aca 
Ser Thr 

age gtg 
Ser Val 



gtt cgc ggc 
Val Arg Gly 

acc ttt acc 
Thr Phe Thr 
140 

acg aat aac 
Thr Asn Asn 
155 

acg ctg tec 
Thr Leu Ser 
170 

cgc gtt cag 
Arg Val Gin 

agt aat ttt 
Ser Asn Phe 

tc;c aaa tta 
Ser Lys Leu 
220 

tac aag ccg 
Tyr Lys Pro 

• 235 



aat aag 
Asn Lys 
125 

gta acc 
YaLThr 



1044 



age acg gec 
Ser Thr Ala 
250 

ate aat aaa 
He Asn Lys 

265 
ttc ggc ttc 
Phe-Gly Phe 
280 

gtg gac acg 
Val Asp Thr 



aac cgc 
Asn Arg 

ate gag 
He Glu 

ggg gag 
Gly Glu 



tat gtc 
Tyr .Val 
300 

tat atg gca ate ccc 



acg- aac 
Thr Asn 

ccc aag 

Pro' Lys 

etc tec 
Leu Ser 
190 
acc gtc 
Thr Val 
205 

aag ctg 
Lys Leu 

gac ggc 
Asp Gly 

aat etc 
Asn Leu 

gac cac 
Asp His 
270 
cgc tac 
Arg Tyr 
285 

tac aat 
Tyr Asn 



1092 



1140 



1188 



1236 



1284 



1332 



1380 



1428 



1476 



1524 



1572 



ttc atg 1620 



WO 02/40659 



23/27 



PCT/JP01/10044 



Gin Tyr Lys Asn Gin Asn Asp Arg Thr Tyr Met Ala He Pro Phe Met 

305 . 310 315 

ctg aac age age ggg tac ggt ate ttc gta aac tec acg tac tac tec 1668 
Leu Asn Ser Ser Gly Tyr Gly He PheVai Asn Ser Thr Tyr Tyr Ser 

320 325 330 

aaa ttc cgc ttg gca act gag cgc tec gat atg tac agt ttt acg gee 1716 
Lys Phe Arg Leu Ala Thr Glu Arg Ser Asp Met Tyr Ser Phe Thr Ala 
335 340 . 345 350 

gat acc ggg ggc age gee aat teg acg ctg gat tac tac ttt att tac 1764 
Asp Thr Gly Gly Ser Ala Asn Ser Thr Leu Asp Tyr Tyr Phe He Tyr 

355 360 365 

ggc aat gac ttg aag ggc gtc gtc age aat tat gcg aac ate aca ggc 1812 
Gly Asn Asp Leu Lys Gly Val Val Ser Asn Tyr Ala Asn lie Thr Gly 

370 375 380 

aag ccg get get ctg ccc aaa tgg gcg ttt ggc etc tgg atg teg gec 1860 
Lys Pro Ala Ala Leu Pro Lys Trp Ala Phe Gly Leu Trp Met Ser Ala 

385 390 395 

aat gag tgg gac egg caa tec aaa gta gcg act gcg ate aat aac gec 1908 
Asn Glu Trp Asp Arg Gin Ser Lys Val Ala Thr Ala He Asn Asn Ala ; 

400 405 410 

aat acg aac aac ate ccg gcg acg gec gtc gtg ctg gag cag tgg agt 1956 
Asn Thr Asn Asn He Pro Ala Thr Ala Val Val Leu Glu Gin Trp Ser 
415 420 425 430 

gac gag aat acg ttc tat atg ttc aac gat gcg cag tat acg gee aaa 2004 
Asp Glu Asn Thr Phe Tyr Met Phe Asn Asp Ala Gin Tyr Thr Ala Lys 

'435 440 445 

cct,ggc ggc age aca cac tec tat acg gac tat ate ttc ccg gcg gee 2052 
Pro Gly Gly Ser Thr His Ser Tyr Thr Asp Tyr He Phe Pro Ala Ala 

450 455 460 

ggc cgt tgg ccg aat ccg aag caa atg gcg gat aat gta cac agt aac 2100 
Gly Arg Trp Pro Asn Pro Lys GlnMet Ala Asp Asn Val His Ser Asn 

465 470' 475 

ggg atg aag ctg gtg ctg tgg cag gtg ccg att cag aaa tgg acc gee 2148 
Gly Met Lys Leu Val Leu Trp Gin Val Pro He Gin Lys Trp Thr Ala 

480 485 • 490 

get cct cat ctg cag aag gac aac gac gaa age tat atg ate gcg caa 2196 
Ala Pro His Leu Gin Lys Asp Asn Asp Glu Ser Tyr Met He Ala Gin 
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495 500 505 510 

aat tat gcc gta ggc aac ggc age gga ggc cag tac cgc ate cct age 2244 

Asn Tyr Ala Val Gly Asn Gly Ser Gly Gly Gin Tyr Arg He Pro Ser 

515 520 525 

ggg caa tgg ttt gag aac age ctg ctg ctg gac ttc acg aac ccg age 2292 

Gly Gin Trp Phe Glu Asn Ser Leu Leu Leu Asp Phe Thr Asn Pro Ser 

» 

530 535 540 

gcc aaa aac tgg tgg atg tec aag cgc gcc tat ctg ttt gat ggc gtc 2340 

Ala Lys Asn Trp Trp Met Ser Lys Arg Ala Tyr Leu Phe Asp Gly Val 

545 550 555 

ggc ate gac ggg ttc aag acg gac gga ggg gag atg gtc tgg ggc cgc 2388 

Gly He Asp Gly Phe Lys Thr Asp Gly Gly Glu Met Val Trp Gly Arg 

560 565 570 

tgg aac acg ttc gcc aat. ggc aaa aaa ggc gat gaa atg cgc aac cag 2436 

Trp Asn Thr Phe Ala Asn Gly Lys Lys Gly Asp Glu Met Arg Asn Gin 

575 580 585 590 

tac ccg aac gat tac gtg aag gcc tac aac gaa tat gcg cgc teg aag 2484 

Tyr Pro Asn Asp Tyr Val Lys Ala Tyr Asn Glu Tyr Ala Arg Ser Lys 

595 600 605 

aaa age gat gcc gtc age ttc age cgt teg ggc acg caa ggg gcg caa 2532 

Lys Ser Asp Ala Val Ser Phe Ser Arg Ser Gly Thr Gin Gly Ala Gin 

610 615 620 

gcg aat cag ate ttc tgg tec ggt gac cag gaa teg acg ttc ggt gcc 2580 

Ala Asn Gin lie Phe Trp Ser Gly Asp Gin. Glu Ser Thr Phe Gly Ala 

. 625 630 635 

ttc cag caa gcc gtc cag gcg gga ctg ace gca ggc ttg tec ggc gtt 2628 

Phe Gin Gin Ala Val Gin Ala Gly Leu Thr Ala Gly Leu Ser Gly Val 

640 645 650 

ccg tat tgg age tgg gac ttg get gga ttc ace ggc get tat ccg teg 2676 

Pro Tyr Trp Ser Trp Asp Leu Ala Gly Phe Thr Gly Ala Tyr Pro Ser 

655 660 665 670 

gcc gag eta tat aaa cgc gcg acg gca atg teg gca ttt gcc ccg att 2724 

Ala Glu Leu Tyr Lys Arg Ala Thr Ala Met Ser Ala Phe Ala Pro lie 

675 680 685 

atg cag ttc cac tec gaa gcc aac ggc agt tec ggc ate aat gag gag . 2772 

Met Gin Phe His Ser Glu Ala Asn Gly Ser Ser Gly He Asn Glu Glu 

690 695 700 
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egg tec ccg tgg aat get cag gec egg act ggc gac aac acg ate ate 2820 
Arg Ser Pro Trp Asn Ala Gin Ala Arg Thr Gly Asp Asn Thr He He 

705 710 715 

age cat ttt gee aag tat acg aac ace egg atg aac ctg ctt cct tat 2868 
Ser His Phe Ala Lys Tyr Thr Asn Thr Arg Met Asn, Leu Leu Pro Tyr 

720 725 730 

att tac age gag get aaa gca gca age gat act ggc gtg ccg atg atg 2916 
He Tyr Ser Glu Ala Lys Ala Ala Ser Asp Thr Gly Yal Pro Met Met 
735 740 745 750 

cgc gcg atg gcg ctg gag tat ccg age gat ace cag acg tac gga ttg 2964 
Arg Ala Met Ala Leu Glu Tyr Pro Ser Asp Thr Gin Thr Tyr Gly Leu 

755 760 765 

acg cag cag tac atg ttc ggc ggc age ctg ctg gtg gcg cct gtc ttg 3012 
Thr Gin Gin Tyr Met Phe Gly Gly Ser Leu Leu Val Ala Pro Val Leu 

770 775 780 

aac caa ggc gag acg aat aag aat ate tac ctt ccg caa gga gat tgg 3060 
Asn Gin Gly Glu Thr Asn Lys Asn lie Tyr Leu Pro Gin Gly Asp Trp 

785 790 795 

ate gac ttc tgg ttc ggc gcg cag cgt ccg ggc ggg cga acg ate age 3108 
He Asp Phe Trp Phe Gly Ala Gin Arg Pro Gly Gly Arg Thr He Ser 

800 805 810 

tac tac gcg ggc gtg gac gat ctt ccc gtc ttc gtg aag tec ggc age 3156 
Tyr Tyr Ala Gly Val Asp Asp Leu Pro Yal Phe Val Lys Ser Gly Ser 
815 820 825 830 

ate ctg ccg atg aat ctg aac ggg cag tat cag gtt ggc ggc acg ate 3204 
He Leu Pro Met Asn Leu Asn Gly Gin Tyr Gin Val Gly Gly Thr He 

835 840 845 

ggc aac age ttg ace gee tac aac aac ctg acg ttc egg att tat cca 3252 
Gly Asn Ser Leu Thr Ala Tyr Asn Asn Leu Thr Phe Arg He Tyr Pro 

850 855 860 

ctg ggt acg acg acg tac age tgg aat gat gac ate ggc ggc teg gtg 3300 
Leu Gly Thr Thr Thr Tyi.,Ser Trp Asn Asp Asp He Gly Gly Ser Val 

865 870 875 

aag acg att acg teg aca gag cag tat gga ctg aat aaa gag acg gtg 3348 
Lys Thr He Thr Ser Thr Glu Gin Tyr Gly Leu Asn Lys Glu Thr Val 

880 885 890 

acg ctt ccg gcg ate aac teg gcg aag acg etc cag gtg ttc acg acc 3396 
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Thr Leu Pro Ala lie 
895 

aag ccg teg teg gtg 
Lys Pro Ser Ser Val 

915 

aca tta age gca ttg 
Thr Leu Ser Ala Leu 

930 

gtg caa aag etc gee 
Val Gin Lys Leu Ala 
945 

ace gtc gtg ctt gac 

> 

Thr Val Val Leu Asp 
' 960 

ggc aca ctt acc ggc 
Gly Thr Leu Thr Gly 
975 

ggt acc ggc ttt gtc 
Gly Thr Gly Phe Val 

995 

ttc gac gta tec gtc 
Phe Asp Val Ser Val 

1010 

tac get tec get ggt 
Tyr Ala Ser Ala Gly 
1025 

gee aag gtg acc gat 
Ala Lys Val Thr Asp 
1040 

tgg ggg acg gca acc 
Trp Gly Thr Ala Thr 
1055 

ate aag gtc age tac 
He Lys Val Ser Tyr 

1075 

aac att gcg ate gtg 
Asn lie Ala He Val 



Asn Ser Ala Lys Thr 
900 

acg ctg ggc 
Thr Leu Gly 



ate ggc get 
He Gly Ala 

tat gtg aag 
Tyr Val Lys 
950 

ggc gtc aac 
Gly Val Asn 

965 
gtc acg acc 
Val Thr Thr 
980 

gac ggc ttc 
Asp Gly Phe 



ggc acg 
Gly Thr 
920 
tec tec 
Ser Ser 
935 

etc ggc 
Leu Gly 

aag gtc 
Lys Val 

aat acg 
Asn Thr 

gat gcg 
Asp Ala 
1000 



aaa gcg gec ggc acg 
Lys Ala Ala Gly Thr 

1015 

ggc aac get tea cgc 
Gly Asn Ala Ser Arg 
1030 

ctg gcg ctt ccg gca 
Leu Ala Leu Pro Ala 
1045 

gtc aac gta gec tta 
Val Asn Val Ala Leu 
1060 

gac aac acc aat acg 
Asp Asn Thr Asn Thr 

1080 

gag cat tga 
Glu His 



Leu Gin Val Phe Thr Thr 
905 910 
gec etc acc gcg cat age 
Ala Leu Thr Ala His Ser 

925 

ggc tgg tat tac gat acg 
Gly Trp Tyr Tyr Asp Thr 

940 

gee age tea teg gcg caa 
Ala Ser Ser Ser Ala Gin 
955 

gag tat gag get gag ttc 
Glu Tyr Glu Ala Glu Phe 
970 

aat cat gee ggc tat atg 
Asn His Ala Gly Tyr Met 
985 990 
gca ggc gat .gca gtg acc 
Ala Gly Asp : Ala Val Thr 

1005 

tat gcg etc aag gtc egg 
Tyr Ala Leu Lys Val Arg 

1020 

get ate tat gtc aac aac 
Ala lie Tyr Val Asn Asn 
1035 

acg gec aac tgg gac acc 
Thr Ala Asn Trp Asp Thr 
1050 

aac gee ggc tac aac teg 
Asn Ala Gly -Tyr Asn Ser 
1065 1070 
etc ggc att aat etc gat 
Leu Gly He Asn Leu Asp 

1085 



3444 



3492 



3540 



3588 



3636 



3684 



3732 



3780 



3828 



3876 



3924 



3948 
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1090 

cagcaggaai cttcgcgagg aatgagttag cgaagagttc atgcaggcag aggggttacc 4008 

cataattgta aagcccggcg cagccaggca ccaagtatgc ccgggagggc cgccggccct 4068 

ccctttattt caatgatgaa aggcggcatc gatatgggtc tatggaacaa acgagtcact 4128 

cgcatcctct ccgtactcgc agcaagcgcg ctgatcggct ctaccgtacc ttctctagcg 4188 

ccacctcccg ctcaagccca tgtgagcgcg ctgggcaacc tgctttcctc ggcggtgacc 4248 

ggggatacgc tcacgctgac gatcgataac ggcgcggaac cgaatgacga tattctagtt 4308 

ctgcaagcag tccagaacgg tattctgaag gtggactacc ggccgaacgg tgtagctcca 4368 

agcgcggata cgccgatgct ggatcccaat aaaacctggc cgtccatagg cgccgttatc 4428 

aatacagcct ctaatccgat gacgatcaca acgccggcga tgaagattga gattgccaaa 4488 

aatccggtgc gcctgaccgt gaaaaaaccg gacggcaccg ctctgttatg ggaacccccg 4548 

accggcggcg tcttctcgga cggcgtccgt ttcttgcacg ggacgggcga caatatgtac 4608 

ggcatccgca gcttcaatgc ttttgacagc ggcggggatc tgctgcgcaa cagctccacc 4668 

caagccgccc gtgcaggcga ccagggcaac tccggcggcc cgctgatctg gagcacagcc 4728 

gggtacgggg tgctcgttga cagcgacggt gggtatccgt tcacggacga ggctaccggc 4788 

aagctggagt tctattacgg cggcacgcct ccggaaggcc ggcgctatac gaagcaggat 4848 

gtggagtact acatcatgct cggcacgccg aaagagatca tgtccggcgt cggggaaatt 4908 

■ acgggcaaac cgccgatgct gcccaagtgg tccctgggct ttatgaactt cgagtgggat 4968 

* cigaatgaag ctgagctc 4986 
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